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571 ABSTRACT

o _'An automatic tree fellmg machme IS prowded In one

embodiment, the machine consists of a self-propelled
vehicle having a plurality of automatically operated

~ felling heads, a grapple bunk for skidding felled trees - |
and a plurality of transfer grapples for transferring
trees from the felling heads to the bunk. Each felling

head is mounted on a transversely extending felling
head track that also serves as a sensing means. As the
vehicle moves forwardly, the felling head tracks are
contacted by trees, causing the tracks to retract

towards the machine. As each track retracts, the asso-

ciated felling head is actuated to travel in a horizontal

‘direction along the track towards the tree erigaged

with the track while simultaneously travelling down-
ward. Subsequently, the tree contacts a control arm in -

the felling head which then descends vertically to the

stump and fells the tree. The felling head then retracts

- to 1ts original position where a transfer grapple hfts
the tree from the felling head and deposits it on the
skidding bunk. Also disclosed are two embodiments -

employing single felling heads and delimbers. In one
of these embodiments, the sensing means IS
photoelectric. o |

19 Claims, 10 Drawing Figures
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1_
MULTIPLE CUT FELLER

The present mventlen relates to tree fellmg and more

partlcul,_arl}{ to mechanical tree. felling apparatus.
- Many tree fellers have been proposed in the past,
some operative only to fell trees, others operative to
fell and process trees (i.e. harvesters) and some opera-
tive to fell and forward trees (i.e. skidders). All of these
prior mechanisms are arranged to tell one tree at a time
normally by means of a felling head mounted on the
end. of a boom which 1s mampulated by a machine
operater .- | |

The present mventlon 1S dlrected to an automatic
felling machine.that proceeds along a path through a
forested area and automatically fells trees encountered
as 1t so moves, without the operator having to manipu-
late a boom to position a felling head relatwe to a tree
to be cut. | .

Thus, in aceordanee Wlth the present mventlon there
is provided a tree felling apparatus comprising: a mo-
bile vehicle; sensing means on said vehicle for sensing
the presence of a standing tree at the forward end of
the vehicle as the vehicle moves in a forward direction;
fellmg means movably mounted on said vehicle; and
means eperable in response to sensing of a tree by said
sensing means to move said fellmg means Into engage-
ment with the tree sensed by said sensing means.

‘In one embodlment the present apparatus includes a
plurallty of autematlcally operated fellers spaced
across 1ts forward end. This enables the machine to
clear cut along a cutting face through a for‘es_ted area at
a very rapid rate without the need for precise manual
c'entrolef a boom on the part of the operator. _
~ In another, similar embodiment of the present inven-

tion, the machine has a plurality of automatically oper-

ated felling heads, a grapple bunk for skidding felled
trees and a plurality of transfer grapples for transferring

trées from the felling heads to the bunk. In operation,

the felling heads move ahead of the vehicle at a posi-
tion approxrmately 30 inches above ground level. Each
felling head is mounted on a transversely extendmg
felling head track that also serves as the sensing means
Or sensing member. When a tree contacts a felling head
track on the machine, the track retracts, actuating the
associated felling head to travel in a horizontal direc-
tion along the track towards the tree. Subsequently, the
tree contacts a control arm in the felling head which
then descends vertically to the stump and severs the

tree from its roots. While severing takes place, the 30

“vehicle is mowng fomardly, convemently at a speed of
up to one mile per hour.

“After the tree has been severed, the fellmg head
moves horizontally and vertically back to its starting
position where a transfer grapple clamps and lifts the
full tree from the felling head and deposrts 1t on the
skidding bunk of the machine.

Each head continues to operate in ‘this manner untll
approximately six cords are accumulated in the bunk.

The ‘operator then closes the bunk grapple to form a 60

bundle from the trees in the bunk, turns the wheels of
the machine 90° and moves out of the cutting face to
“deposit the cut trees In piles in a convenient location.

During the operation the operator has one task and

that is to steer and control the speed of the machine.

In another embodiment, the apparatus is a harvester
and includes a single automatically operated feller
mounted on a vehicle that also carries a delimber. The
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teller, after felling a tree delivers it to the delimber for
processmg - |

In various embodiments the sensing means may be a
retractable felling head track, a control arm for con-
tacting trees as the machine moves forwardly or a pho-
toelectric sensor. In embodiments using a control arm
or photoelectric sensor, the felling head track is fixed
to the vehicle and is not retracted. This is advantageous
for those embodiments employing small vehicles.

In drawings which 1illustrate embodiments of the pre-
sent invention: _ -

FIG. 1 1s a plan view of a felling machine i1n accor-
dance with the present invention;

FIG. 2 1s a side elevation of the machine of FIG. 1

- FIG. 3 1s a front elevation of the machine of FIG. 1

FIG. 4 is an elevational view partially in cross—section

of a wheel mounting arrangement; -
~FIG. 5 is a schematic plan view showing cutting eper-
ations with the machine of FIGS. 1 to 3;

"FIG. 6 is a front elevation of the machine of FIGS. 1,
2 and 3 when Sklddmg,

FIG. 7 is a schematic plan showing a sklddmg opera-
tion with the machine of FIGS. 1 to 3;

FIG. 8 1s a plan view of a harvester 1n accordance
with the present invention;

FIG. 9 is an elévational view of the harvester of FIG
8; and | |

FIG. 10 1s a plan view of another harvester embodi-
ment in accordance with the present invention. |

Referring to FIGS. 1, 2 and 3, there is illustrated a
tree felling machine 10 constructed in accordance with
the present invention. The machine includes a felling
section 12 at its forward end and a bunk 14 located
rearwardly of the felling section. The machine has six
wheels 16 on which it travels and a cab 18 at the for—-
ward left hand side for the operator.

The felling section 12 of the illustrated machine in-
cludes three automatic fellers 20. As all three fellers
are identical, only one will be described in detail, it
being understood that the other two fellers 20 have the
same construction and operation. Also it will be obvi-

ous any number of fellers 20 may be used dependent '

upon the desired capacity of the machine.

Each feller 20 includes a felling head track 22
mounted on the forward end of the machine and ex-
tending transversely: thereof. The track 22 1s mounted
on the forward end of the mcahine by a pair of trans-
versely spaced apart and longitudinally extending hy-
draulic actuators 24 which are pivotally connected at
their rearward ends to the felling machine 10 so as to
pivot about a horizontal axis 26. Tilting of the arms
may be effected in any convenient manner such as
hydraulic cylinders or a rotary actuator such as, for
example, the unltldesrgnated 26A. As can be seen most:
readily from FIG 1, the track 22 curves rearwardly
towards the maehme 10 at 1ts left hand end.

A fellirig head 28 is slidably mounted on the track 22
for reciprocal movement therealong. The felling head
includes a shear 30 and a grapple 32 mounted respec-
tively on opposite ends of a vertical beam 36. The
vertical beam 36 1s shdably mounted for vertical move-
ment in a mounting structure 34 which in turn is
mounted on the track 22 for sliding movement in a
horizontal direction along the track 22. Movement of
the head 28 along the track 22 is effected by a hydrau-
lic motor 34A mounted on the structure 34 driving a
pinion which meshes with a rack 22A on the track 22.
The mounting structure 34 has a further hydraulic



3.989.074

3

motor 34B mounted thereon driving a pinion which
meshes with a rack 36A on beam 36 to raise and lower

the shear 30 and grapple 32 with respect to the track
22, The operative elements in the mounting structure

34 for raising and lowering the shear and grapple and
moving the same along the track, i.e. hydraulic motors,
are actuated in response to pressure built up in the
hydraulic actuators 24 when the track 22 is engaged by
a tree and the actuators 24 retract as the machine
moves forwardly. The arrangement is such that when a
tree 1s engaged by the track 22, the pressure build up

acts to drive the felling head 28 along the track 22 and

to lower the felling head with respect to the track 22 as
it so moves. As the felling head traverses the left hand
curved portion of track 22, it swings through 90° to the
right as viewed in FIG. 1 so that any tree engaged with
the track 22 will be received in the open mouth of the
felling head 28. When the felling head engages a tree
engaged by track 22, the tree contact a control arm
(not shown) in the base of the shear and the felling
head descends vertically to the stump and severs the
tree. The track 22 is then free to move to its forward
normal position and the felling head is elevated and
returned along track 22 to its normal position as illus-
trated in FIG. 1. - _

The three fellers 20 are arranged to extend across
respective portions of the front face of machine 20 so
that every part of the front face is traversed by a feller.

Mounted on the machine 10 are three transfer mech-
anisms S0 having respective booms 52 pivotally con-
nected to the machine 10 for pivotal movement about
a horizontal transverse axis 54 by a hydraulic cylinder

53. Each boom 52 has a hydraulically operated grapple

56 tixed or pivotally attached at its forward end. In the
embodiment 1llustrated the grapple is pivotally at-
tached and tilted by a hydraulic cylinder 53A. In its
normal position of the boom 52 the grapple 56 is posi-
tioned directly above the felling head 28 in its normal
position. When, after shearing a tree, the felling head
28 returns with the tree to its normal position, the
grapple 56 closes on the tree, the felling head 28 opens
and the transfer mechanism 50 lifts the tree from the
felling head and swings it through a vertical arcuate
path and deposits it on the bunk 14 at the rearward end
of the machme. The bunk 14 is preferably of the type
having a knife edge to impale the surface of the tree so
that the trees are at least partially secured thereto when
placed thereon by the transfer mechanism 50. |
The bunk 14 1s mounted on a frame 10A of machine
10 by a turntable 80 so as to pivot about a vertical axis.
As most clearly illustrated in FIG. 3, the bunk has a
center section 82, a pair of inner grapple arms 84 and
a pair of outer grapple arms 86. Rotary hydraulic actu-
ators 88 (only two are shown) are operative to open
and close the grapple arms of the bunk. -
As prevlously mentioned, the machine 10 is sup—
ported by six wheels 16. Each wheel is mounted in a
tork 100 which 1s in turn mounted on the machine so as
to enable steering both in the normal forward-rearward
direction and 1n the orthogonal or sideways direction.
The right hand and center front forks 100 are mounted
on transverse walking beam 102 which in turn is pivot-
ally mounted on the vehicle at a position between the
right hand and center fellers 20 for pivotal movement
about the longitudinal axis of a beam 104. The right
hand and center rear forks 100 are similarly mounted
on the respective opposite ends of a transverse walking
beam 106 which in turn is pivotally mounted on beam
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104. The beam 104 is secured to the frame 104A. The

left hand front and rear wheels 16 are mounted on the

‘respective opposite ends of a longitudinal walking

beam 108 which is pivotally mounted on frame 10A to
pivot about an axis 99 transverse to beam 104.

As can be most readily seen from FIG. 1, the right
hand and center fellers 20 are themselves carried by
the walking beam 102 and the left hand feller 20 is
carried by the walking beam 108. Thus, the associated
felling heads 28 maintain a substantially constant eleva-
tion above the ground surface which the machine 10 is
traversing, 30 inches in this preferred embodiment,
even when that surface 1s very uneven.

The particular wheel mounting arrangement used is
1llustrated in FIG. 4 from which it will be seen that each
wheel 16 1s mounted on a shaft 110 journalled to one
arm of the fork 100 and coupled to the other arm of the
fork 100 by a drive unit 112. Drive unit 112 is a hydrau-
lic motor and gear reduction unit which operates to
drive the wheel 16. The top of fork 100 is fixed to a
shaft 114 journalled to one of the walking beams 102,
106 and 108 depending upon the particular wheel in
question. The shaft 114 is rotated about its axis to turn
the associated fork and wheel by a rotary hydraulic
actuator 116. As will be appreciated, the rotary actua-
tor 1s operative to turn the fork 100 and the wheel 16
through 360" so that the machine, by proper coordina-
tion of the rotary actuators 116, is capable of steering
in any direction. Shafts 110 and 114 are oriented with
respect to the machine frame and one another to pro-
vide an appropriate camber angle for the wheel.

Referring to FIG. §, the machine 10 is illustrated
cutting a work face 150 through standing timber 152.
The machine proceeds towards the work face at a
speed up to one mile per hour. As the tracks 22 engage
trees along the work face, the felling heads 28 are actu-
ated to travel along the tracks 22 to engage trees, shear
them and return them to the transfer mechanism 50 for
loading onto bunk 14. During these operations, the
operator need only be concerned with the speed of
operatlon of the machine, this dependmg on the density
of trees in the stand.

As illustrated in FIG. 5, the center track 22 is en-
gaged with a tree 154 and has retracted with respect to
the machine 10. The associated felling head 18 is illus-
trated as having travelled down the track 22 towards
the tree 154. A plurality of felled trees 156 are illus-
trated at a p051t10n in bunk 14. .

Once bunk 14 is full of trees, the grapple arms of the
bunk are closed to bunch the trees, the weels 16 are
turned through 90°, the fellers 20 and their associated

 transfer mechanism 50 are elevated to the transport.

55

60

65

pomtmns lllustrated in FIGS. 6 and 7 and in broken .

lines 1n FIG. 2, and the machine proceeds away from
~the work face to unload the trees in a bunch at a de-

sued location. |

Referring to FIGS. 8 and 9, there is lllustrated an
embodiment of the present invention comprising a
harvester 200. The harvester 200 is mounted on a vehi-
cle 202 of the articulated type. The vehicle has a for-
ward section 204 with a pair of drive wheels 206, a cab
208 and an engine (not shown), and a rear section 210
articulately connected to the forward section 202 and
having a pair of wheels 212. In the present embodi-
ment, the feller is mounted on the rear section of the
vehicle and consequently, in use, this rear section be-
comes the forward section. '
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Projecting from the rear section of the vehicle 202 is
an automatic feller 214 of the same general conﬁgura-
tion as the fellers 20 of the embodiment illustrated in
FIGS. 1 through 7. This feller includes a pair of trans-
versely spaced-apart longitudinally extending hydraulic S
actuators 216 fixed to the vehicle, a felling head track
218 extending across the ends of and mounted on the
actuators 216, and a felling head 220 mounted on the
track 218 for movement therealong. The operation of
this feller is substantially the same as that illustrated in 10
FIGS. 1 through 7 and consequently, this will not be
described in detail.

This embodiment also mcludes a delimber assembly
230 mounted on the track 218 at the end thereof re-.
mote from the rest position of the felling head 220. The 15
delimber assembly 230 includes a bracket 232 project-
mg rearwardly from the track 218, an upwardly extend-
ing arm 234 pivoted to the bracket 232 for pivotal
movement about a transverse horizontal axis 236 and a
delimber head 238 pivotally mounted on the top end of 20
arm 234 for pivotal movement about a transverse hori-
zontal axis 240, A hydraulic actuator (not shown) is
provided to pivot arm 234 between a retracted position
wherein the delimber head 238 is positioned behind the
track 218 and a forward position illustrated in FIGS. 8 25
- and 9 wherein the delimber projects forwardly from_t__he
track 218. Another hydraulic actuator (not shown) is
provided for pivoting the delimber head 238 about the
axis 240 between a tree receiving position illustrated in
FIGS. 8 and 9 and a substantially horizontal delimbing 30
position as illustrated in ghost lines in FIG. 9.

Delimber head 238 includes a stripper type delimber
having knives 244 slidably mounted on a track 242 for
movement therealong and a grapple 246 fixed to the
track. This type of delimber operates by gripping a tree 35
with the grapple, advancing the delimbing knives down
the track and thereby along the tree to delimb a section
thereof, opening the grapple, retracting the delimber
down the track towards the grapple along with the
delimb section of the tree and subsequently repeating 40
the sequence until the tree 1s'completely delimbed. -

The 1nitial operation of this embodiment is substan-
tially the same as the operation of each feller 20 of the
embodiment illustrated in FIGS. 1 through 7 until the
tree 1s cut at the stump. In the present embodiment,'the 45
felling head 220, rather than returning to its rest posi-
tion with the tree, proceeds down the track 218 until it
reaches the delimber 230 which is, at this time, in its
‘retracted position. The shear and grapple of the fellmg
head moves upwardly during this movement. Upon 50
arrival at the delimber 230, the delimber advances and
grips the tree as shown in FIG. 9. At this time, the
felling head 220 opens, the delimbing head 238 is then
ptvoted about axis 240 to the ghost line position illus-
trated in FIG. 9 and the delimber then proceeds to 55
delimb the tree discharging it to the side of harvester
200. During this time the felling head unit returns to its
normal position at the other end of the track.

It 1s to be understood that other embodiments, simi-

lar to that illustrated in FIGS. 8 and 9, may well include 60

a topping mechanism in addition to the delimbing

shear.

- FIG. 9 1ilustrates a further feature that can be in-
cluded in an embodiment of this type. In that drawing

is illustrated a collecting arm 248 projecting from the 65

side of the machine to which the delimbed trees are

dlscharged Arm 248 is illustrated, in FIG. 9, in a tree

supporting position. It is also capable of pivoting down-

6

wardly to a position (not shown) for dlschargmg trees
supported thereon. : - |
Mounted on the rear of the harvester 200 and pro-
Jecting rearwardly therefrom is an arm 250 having
pivoted to its free end a transverse clamping arm 252

which can be pivoted about a longitudinal axis 254.

With this arrangement, delimbed trees are dis-
charged onto arm 248 and held in place by clamping
arm 252 until a predetermined number of trees have
been collected and processed. At that time, the arm
248 1s lowered to drop the trees in a bunch at an appr{)-
priate position.

FIG. 10 illustrates a further embodiment of the pre-
sent invention. This is a harvester 300 mounted, like
the embodiment of FIGS. 8 and 9, on a skidder vehlcle
302. In this embodiment, there is a fixed felling head
track 304 extending transversely across the forward
end of the vehicle 302. A carriage 306 rides along the
track from end to end thereof. A felling head 308 is
mounted on the carriage by means of a vertical arm
310 pivoted to the carriage 306 for movement about
the horizontal transverse axis 312, between a vertical
limiting position and a horizontal hmltmg position. The
fellmg head 308 1s arranged to pwot about a vertical
axis 314 between a forwardly opening at rest position
and the 51deways felling position illustrated in FIG. 10.

The sensing means of the embodiment illustrated in
FIG. 10 comprises a pair of arms 316 projecting for-
wardly from opposite ends of the track 304, a light
source 318 carried by one of the arms and a photoelec-
tric sensor on the other, receiving light from the source
318.

Also illustrated in FIG. 10 is a delimber unit 322
carried on the end of the track 304, remote from the at
rest position of the felling head 308 and extending
rearwardly from the track 304. |
- In operation, the harvester proceeds towards a tree
which intercepts the light beam from source 318 falling
on sensor 320. This actuates the felling head 308 to
pivot 90° to the position illustrated in FIG. 10, and the
carriage 306 to travel down track 304. The fellmg head
then engages the tree, severs it and continues to the end
of track 304 with the tree. At this point, the felling head
arm 310 pivots about the axis 312 to place the trea in
the delimber 322 for processing.

In the various embodiments illustrated, it is des:rable
that the fellers not be actuated by a tree under a certain
predetermined size. With the embodiments of FIGS. 1
through 7 and FIGS. 8 and 9, this is accomplished by
arranging the felling head tracks to retract only upon
the application of a predetermined force. Thus, the
machine will pass over a tree of, for example, less than
three mch diameter. With the photoelectric embodi-
ment, the width of the light beam sensed and the sensi-
tivity of the photoelectric sensors can be appropriately
adjusted for this purpose.

‘While certain embodiments of the present invention
have been described, it is to be understood that various.
other embodiments of the present invention can be
constructed as well. For example, embodiments of the

present invention may be provided that are simply

fellers and that do not provide a forwarding or process-
ing function. In yet another embodiment, a plurality of
felling heads are mounted on an endless track and |
driven thereabout by an endless conveyor, thus avoid-
ing the time delay involved in returning the felling
heads to their at rest positions after a tree has been
felled.
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- Iclaim:

1. Tree felling apparatus compnsmg
a. a mobile vehicle; .

" b. sensing means on said vehicle for sensing the pres-
ence of a standing tree at the forward end of said
vehicle as said vehlele moves In a forward du*ec#
tion,; o | |

¢. felling means movably mounted on said vehicle;

d. means operable in response to sensing of a tree by
said sensing means to move said felling means into
“engagement ‘with the tree sensed by said sensing
means; and |
€. means for operating said felling means to fell a tree
in response to engagement of said fellmg means
with said tree. |
2. Apparatus as defined in claim 1 wherein said fell-
ing means comprise a felling head and said means for
operating said felling means comprise means for oper-
ating said felling head to grapple and fell a tree.
3. Apparatus as defined in claim 2 further comprising
a bunk mounted on said vehicle for holding felled trees.

4. Apparatus as defined in claim 3 further comprising

transfer means mounted on said vehicle for transferring
trees from said felling head to said bunk.

5. Apparatus as defined in claim 1 and further includ-
mg delimbing means mounted on said vehicle to re-
ceive and delimb trees severed from their stumps by
said felling means.

6. Apparatus as defined in claim 1 wherein said sens-
Ing means comprise photoelectrlc means.

7. Apparatus as defined in claim 1 wherein said sens-
ing means are operative exclusively to sense trees
larger than a predetermined size. :

8. A tree felling apparatus comprising:

a. a mobile vehicle;

b. a plurality of tree fellmg heads mounted on said
vehicle for movement relative thereto in at least a
direction transverse to the normal forward direc-

- tion of travel of the vehicle and normally located at
respective positions spaced apart from one another
transversely of the vehicle;

c. sensing means associated w1th respectwe ones of

the felling heads for sensing the presence of a
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standing tree at the forward end of the vehicle as ;¢

“the vehicle moves in the forward direction; and
d. means actuated by said sensing' means causing .a
felling head associated with such sensing means to
- move on the vehicle to a position adjacent the
sensed tree for embracing the same.
9. Apparatus as defined in-claim 8 including a trans-
fer grapple mounted on the vehicle and arranged for
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moving trees from the fellmg heads to another position
on the vehicle.
- 10. Apparatus as defined in claim 9 including a bunk

mounted on said vehlele for recemng trees from said

transfer grapple.

11. Apparatus as defined i1n claim 8 wherein each
said sensing means comprises a sensing member

mounted on said vehicle at the forward end thereof and
extending partially transversely thereacross for engage-
ment with trees as said vehlcle moves in a forward
direction. | |

12. Apparatus as defined in claim 11 wherein said
felling heads are reciprocally mounted on respective
ones ot the sensing members for movement therealong.

13. Apparatus as defined in claim 10 wherein said
bunk 1s pivotally mounted on said vehicle for pwotal
movement about a substantlally vertical axis.

14. Apparatus as defined in claim 13 wherein said
vehicle is supported upon a plurality of wheel units
each of which is pivotable about a vertical axis to steer
the vehicle so as to be movable in either a forward-rear-
ward direction or in a 31deways direction.

'15. Apparatus as defined in claim 9 wherein said
transfer grapple is mounted on the free end of an arm
swingably mounted on said vehicle.

'16. Apparatus as defined in claim 15 wherem there is

a transfer grapple associated with respective ones of
each of the plurality of felling heads.

1‘7 Tree felling apparatus comprising:

“a. a mobile, self-propelled vehicle; |

b. at least one horlzontally disposed track mounted
on said vehicle and projecting forwardly therefrom,
said track having at least a major portion thereof
extending transversely to the direction of travel of

- the vehicle when felling trees; |

c. a felling head slidably mounted on said track for
ref:lprocal movement therealong, |

d. means on said vehicle for sensing a growing tree in
the path of travel of the track durmg forward

movement of the vehicle; and .

e. means actuated by said sensing means to move the
fellmg head on said track to the tree sensed by the
~ sensing means for felling the same.

18. A tree felling apparatus as defined in claim 17
including means, retractably mounting said track on
said vehicle permitting the vehicle to move continu-
ously forwardly during felling of a tree.

19. A tree felling apparatus as defined in clalm 17
wherein said track has an end portion eurvmg rear-

wardly toward the vehicle.
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